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In  a  Special  Report  aubnd t,tud  under  t!  i3  CUIt  contract  on  26 
February  191*8,  Arthur  A.  iioag  described  the  plan3  to  build  the  sun¬ 
spot  [cinematograph  which  has  materialized  in*  the  later  work  by 
Gordon  Newkirk,  Jr.,  The  camera  was  described  there  as  a  "nunnpot 
sequence  camera." 

Beth  Hoag  and  Newkirk  worked  primarily  as  students  at  the 
Harvard  College  Observatory  with  relatively  stall  chargee  to  the 
subject  contract.  Their  work  has  lod  tc  designs  which  will  bo  of 
assistance  in  planning  later  equipment  for  the  large  26-foot  equa¬ 
torial  table  to  be  built  with  funds  of  the  subject  contract. 

dork  under  this  contract  on  the  kir.cmatograph  is  considered 
terminated  with  this  report.  Additional  development  along  these 
lines  is  planned,  however,  with  the  support  of  All  Contract  .119-122 
ac-17.  This  work  will  be  dascribcd  in  the  report;  of  that  contract. 

All  of  the  work  of  Hoag  and  Mewkirl:  at.  Cambridge  and  Oak  Ridge 
fell  under  the  direct  supervision  of  l)r<  Donald  H.  ienzel,  Associate 
Director  for  Solir  Issoarch  at  Harvard  College  Cb  ;euvatory.  Advice 
and  nid  wars  supplied  on  some  occasions  by  the  Ui.jh  Altitude  Obsarva-  y 
tory  research  group  at  Boulder,  Colorant . 
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Ians  is  a  simple  concave- convex  l9ne;  tho  camera  Ions  is  a  two-inch 
diameter i  20 inch  l'ocal  length  achromat.  iwo  right  angle  prisms  at 
tha  base  of  the  instrument  bend  the  light  beam  up  the  left  band  bide 
of  the  tuba,  lbs  position  marked  B  in  tho  drawing  indicates  the 
proposed  location  of  the  birefrlngent  monochromator  which,  at  the 
time  of  this  report,  was  not  completed,  and  also  the  location  of  the 
oolor  filters  which  have  been  used  in  the  kinematograph.  Just  behind 
this  position  is  a  retractable  right  angle  prism  which  can  be  moved 
into  the  optical  axis  to  allow  the  observer  to  examine  the  field  to  be 
photographed* 

A  Fairchild  Recording  Camera  supplied  by  the  Office  of  Ravel 
Research  is  used  as  a  film-advancing  mechanism  and  magasine*  The, 

-  shutter  mechanism  consists  of  a  modified  Uereuxy  Can  era  rotaxy  shutter, 
with  a  special  ralay  to  release  it  and  a  2UV  DC  motor  to  rawind  the 
shutter  spring  after  each  exposure*  Both  of  these  pieoes  of  equipment 
operate  fairly  well)  however,  the  shutter  works  stiffly  in  oold 
weather,  and  the  recording  camera  occasionally  gives  faulty  i»qistra- 
tion  of  the  frames*  Photographs  with  the  kinematograph,  on  file  at 
tha  Harvard  College  Observatory,  show  clearly  that  the  definition  of 
the  oamera  in  non-monoohromatic  light  is  not  particularly  good*  lhe 
cause  of  this  limited  definition  is  that  the  oolor  ourve  of  the 
optical  system  is  extremely  steep.  Unless  the  light  being  used  for 
the  photograph  is  essentially  monochromatic,  the  focus  will  be  signi¬ 
ficantly  different  from  one  end  of  the  film  sensitivity  ourve  to  the 
other*  Sven  with  the  relatively  narrow  pass  band  of  200  A*,  the  defi¬ 
nition  is  not  good.  Of  course,  this  difficulty  would  disappear  if  a 
monochromatic  filter  were  used.  We  made  no  attempt  to  make  accurate 
measurements  of  the  scale  of  the  images  in  the  kinematograph  since 
the  scale  would  differ  for  different  wave  lengths.  The  radius  of 
the  sc^ar  image  was  roughly  1.25  inches. 

IH.  AUTOMATIC  QUIDHIQ  APPARATUS 


The  kinematograph  as  erected  at  Oak  Ridge  is  guided  photoelec tri- 
cally  by  apparatus  similar  to  the  phototype  guider  on  the  Climax 
ooron&graphi.  Essentially,  the  guider  (Figure  2)  is  a  second  telescope 
with  a  detecting  device  at  the  focus  of  a  long-focus  objective  lens. 

The  solar  image  is  oentored  on  an  ocoulting  disk  that  is  very  slightly 
smaller  than  the  image.  Immediately  behind  the  disk  are  four  luoite 
rods  placed  at  90°  intervals.  These  rods,  two  for  hour  angle  and  two 
for  declination,  conduct  the  light  to  four  phototubes.  The  wiring 
diagram  for  one  coordinate  (Figui'c  3)  share  that  the  two  phototubes 
are  In  balanced  circuit.  When  equal  light  fallB  on  both  phototubea 
they  canoel  each  other,  and  the  first  grid  of  the  38  tube  ie  neutral* 
Eaoh  current  does  trickle  through  the  oJ5's,  however*  to  close  the 
£>00 .A.  relay.  It  is  easily  seen  that  when  the  917  phototube  receivee 
more  light,  the  first  grid  of  the  38  tube  1b  positive,  the  current 
through  the  6J5  tubes  is  higher  and  both  relays  close*  The  opposite 
effect  is  produced  whan  tho  919  tube  receives  more  light  and  both 


"A  Photo clac trie  Quider  for  Solar  Telescopes,"  Roberts,  W.  0., 
Electronics,  June  191*6 
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"  ■  ~m.  .■  ;  ■ ■  '  ■  i  .  1  ;  ?  tv-  tubes  in  re  v.  r  •  i 

with  the  sensitivity  control  wi.xeh  rogui .. Los  the  Hi  voltage  suppxiuxi 
tc  the  phototubes,. 

It  would  be  poaaible  to  have  the  rolaya  control  the  telescope 
correction  motors  diractlyj  however,  according  to  Roberta,  thiB  leads 
to  hunting  of  the  telescope.:  Tho  anti-hunt  unit  (Figure  h)  is  os- 
aentially  an  integrating  davico  that  prevents  tho  guider  from 
correcting  for  random,  short  period  aiming  errors  but  which  allows  tho 
instrument  to  respond  sensitively  to  long  period  errora  or  the  maan 
of  recurring  short  period  ones..  Also  in  th~  dr,^i-hnnt  unit  box  is  a 
voltmeter  by  which  one  can  chock  the  voltage  being  delivered  to  tho 
relays*  This  is  useful  in  adjusting  tno  sensitivity  of  the  guidor 
circuit..  The  anti-hunt  units  for  tho  two  courdlnat03  are  rot  identical. 
For  tile  icinematograph.,  tho  hour  angle  correction  motor  is  controlled 
bj  a  ton  volt  DC  x’olay  (not  shown).  A  oat  of  AC  relays,  v/orkad  by 
the  limit  switches,  regulates  the  ten  volt  rainy.  (This  arrangement 
eliminates  the  coirsoon  grou nd  do  tween  tho  ten  volt  currant  from  tho 
station  generator  and  the  AC  lino.) 

Tno  declination  correction  r.ctor  is  the  type  which  has  four  leads 
arranged  so  that  they  auot  bu  switched  around  to  ro’»orao  tho  motor* 

(That  is,  for  cl loo  motion,  whits  viust  !>■■  tied  to  black  and  groan, 
t-o  bins:  for  countorvloclwiso  Motion,  v/hlto  to  green  and  black,  to 
blue,.)  To  use  this  motor  w©  had  to  have  two  limit  switches  whore 
thorn  was  previously  only  one.  The  two  switches  at  each  end  of  the 
adjustable  cam  m\:  aro  arranged  so  that  they  arc  both  thrown  at  the 
same  time*  This  a  orange?™  a  i  t  of  the  correction  motors  would  not  bo 
ueod  in  a  pemanent  arrangement,  Those  modifications  in  the  anti¬ 
hunt  unite  are  not  included  in  the  wiring  diagram*  Actually  on  the 
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IV,  ELECTRICAL  CONTROL  iv-.'UlI-:.:  JJT 
Ac  Main  Control  Circuit 

A  drawing  of  tho  main  control  circuit  is  shown  in  Figure  5. 
The  function  of  tho  unit  con  easily  be  oeoi  from  the  circuit 
diagram,  Tho  top  of  tho  drawing  comprises  a  timing  circuit  in 
which  the  timing  element  is  a  synchronous  motor*  A  switch  S  is 
arranged  so  that  tho  train  control  rolay  may  receive  a  pulso 
directly  from  the  cam  switch  o  3  or  remotely  through  the  step 
relay  (1*0  otopn) .  Switches  1-21*  allow  ono  to  ocnnect  various 
contacts  of  the  stop  rolay  to  the  coils  of  the  main  control  r** 
lay.  By  this  arrangement  it  ia  possible  to  have  intervale  from 
7I  seconds  to  ten  minutes  between  exposures.  Tho  switch  combina¬ 
tions  for  various  timing  intervals  appear  in  Table  I,  (Tho  errors 
in  those  times  are  of  tho  order  of  0,1$. ) 


TABLE  I 


Interval 

S 

A 

B 

c 

1  through  22* 

sec 

L 

0 

0 

u 

- — — — - 

15 

sec 

L 

□ 

u 

D 

30 

sec 

R 

D 

u 

u 

1 , 2  » ,  *  *  PO  up 

60 

sec 

R 

D 

u 

V 

1,3,5. .*19  up 

75 

sec 

A 

D 

u 

u 

1,5... 20,21.. 21*  up 

2 

min 

R 

D 

u 

0 

1,5,9,13,17  up 

150 

eec 

R 

D 

u 

u 

21,22,23,21*  up 

5 

min 

A 

D 

u 

u 

1  and  11  up 

10 

min 

n 

D 

1J 

u 

1  up 

1 _ 

L  - 

left 

R  -  rig.  t  U  - 

-  up  Z 

-  down 

Tho  secoi  d  half  ol'  the  control  circuit  is  merely  a  delay 
switch  to  ona’i'e  tho  vibrations  caused  by  the  film  advance  solenoid 
to  dio  down  before  tho  shutter  in  opened.  To  produce  the  delay, 
the  shutter  i ;;  set  off  by  a  25,OOO.A.  rolry  that  is  closed  by  a 
relaxation  osdllatcr.  >7h3i  ono  polo  of  the  raain  control  relay 
closes,  the  6\'A  voltago  doubler  rectifier  tebe  charges,  through 
a  variable  resistor,  a  ton  mfd  condenser  in  parallel  with  a  VR 
lpO  voltage  r  1.,-ulator,  The  VR  l£0  allows  the  voltage  to  build 
up  to  a  critical  value  and  than  d4schftrgc3  *ho  condenser  through 
the  IS, 000 -/L  rainy,  which  CI0803  to  sot  off  tho  shutter.  In 
order  to  prov  it  tho  accumulation  of  errors  in  tho  oscillator, 
a  shorting  rci.iy  is  arranged  to  discharge  completely  both  tho 
condenser  and  the  7R  tubu  at  tho  end  of  each  exposure.  Tliio 
do vico  giv®3  ■.  maximum  practical  delay  of  about  a  second. 
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Shutter  Circuit 


The  operation  of  the  shutter  set  and  release  circuit  can 
easily  be  seen  in  Figure  6,  and  little  explanation  i3  nocosnary. 

Thn  single  polo  2hV  !>'C  relay  will  stay  closed  once  it  ia  cloned 
and  vd.ll  l:eop  tho  shutter  I'ctrind  motor  going  until  the  cam  switch 
•Lroaka  tho  circuit.  Thio  cam  switch  ia  on  tho  shutter  and  does 
not  open  tho  circuit  until  tim  shutter  io  completely  wound.  The 
1,  2,  ...  $  refer  to  the  lead  connections  from  the  shutter  unit 
to  the  control  box. 

C.  Standard! r.er  Circuit 

The  photometric  standard! aer  is  ainply  a  mall,  transparent 
stop-densi  vy  wedge  that  can  bo  moved  into  tho  field  of  tho  camera 
lane.  Tho  stop-doneity  wodg«  lit  contained  in  a  l'J”  diameter 
cylindrical  box  and  is  illuminated  by  tho  light  from  tho  nolar 
image  plus  that  from  four  .'  mall  lamps,.  To  diffuse  tho  light,  a 
piece  of  opal  glass  in  placed  immediately  behind  tho  density  wedge. 

The  purpose  of  tho  aivmdnrdiaor  control  circuit  (Impure  7) 
io  tc  move  the  stop  density  wedge  into  position,  turn  on  the  lamps, 
and  than  inova  it  out  of  position  onco  the  standard  frame  is  taken. 
One  sacs  in  tho  main  control  circuit  (figure  £)  that  tho  coilo 
of  tho  standardicer  relay  arc  connected  to  two  off  contacts  -if  the 
atop  x'filny,  i.e,,  tv:o  contacts  on  which  an  exposing  won  vd  never  be 
taken..  At  too  firuL  contact  the  motor  rao /go  tho  dcr.ya.ty  wedge 
into  place  and  the  lights  go  on.  At.  the  r.o^nd,  the  exposure  is 
nc.de,,"  At-  the  third  atop  relay  contact  the  motor  mover  the  density 
wedge  out  of  tho  Hold  and  shuts  off  the  lights.  Scr v:ir.  on  the 
shaft  holdit "  tho  oylinclr?  o*X  box  operate  the  limit  switch  on.  These 
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Consider  tho  unit  (Plguro  0)  ctnoiating  of  tho  tMckoot  crystal, 
ono  of  ita  poloroida,  tho  fractional  v/uvo  plain  (let  toko  it  to 
bo  a  half -wave  plute..)#  errd  n  second  Polaroid »  By  turning;  tho  half 
tiavo  plate  and  tho  3ocond  Polaroid  ono  can  add  various  m lountc  of 
retardation  to  that  of  tho  thickest  plate.  Since  the  plane  of  polari¬ 
zation  of  tho  omercent  light  makoo  an  angle  of  2  tr  -  2  &  vdth  tho  plane 
of  polarization  of  tho  incident  light  (whore  0  io  the  angle  botween  the 
incident  vibrations  and  tho  principal  section  of  tho  half-wave  plated 
a  gear  train  nill  le  noodoa  to  turn  tho  Polaroid  and  half-wave  plate 
combination  tlirongl'  twice  the  angle  turned  by  tho  half~wiu,e  plate 
alone*  A  similar  vnit  involves  the  second  thickest  filta«  plate* 

(The  rotation  of  ti  :ls  unit  must  bo  nochenicnlly  ccuplcd  to  tho  first.) 
By  addin<.:  varioua  J  otardvti  ot>:  to  tho  two  thickont  crystals,  we  cay 
slii ft  the*  maxima  of  theno  two  plates  up  end  down  tho  cp>\atr.in,  In 
practice  too  sl.arp  peak  frem  these  two  plates  is  nevod  about  n Inside" 
the  pe*ik  of  tho  third  thickost  plate..  Of  course,  th>-  a t<vmt  that  tho 
sharp  peak  may  bo  t  oved  depends  upon  tho  ronidual  light  that  appears 
at  other  wave  lcngphs  *3  tiic  rcxitJjn  is;  displaced  from  :•  tn  original 
position-.  Pi(pn*Q  S  ahewn  the  pass  bond  of  t.  five  element  filter  that 
|  is  "shifted"  c'.xaut  .,1  /.  from  6.561' *8 

< 

Tn  the  practical  uio  of  r.  iLc-ncchroantic  filter  it  in  necessary 
to  be  able  to  find  the  position  tf  tho  taozdeam  in  tin.  ovecVrun.  jven 
with  an  electrical  ,y  "tunod"  ‘liter,  one  would  like  tr.  -enow  if  the 
maximum  worn  at  tin;  normal  position  (in  our  case  656.18  it)  and  use 
this  as  n  fiducial  point,  foe  simple  monitoring  syovc-ra,  planned  for 
;  the  Id.  nemato, graph  o  on  slats  of  a  Pabry-Purot  j  riterferv-ae  tov*  an  ,ui 

;  analyzer  and  a  hydrogen  tula  for  ;;  source  of  standard  w?vo  length 

,  (Plcuro  10). 

j  At  tho  .t*ao  or  thin  roport.  neither  tho  filter  nor  monitor  device 

j  ha vo  bcoi*  built., 

!  ~fl- 
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Light  frco  tho  monochromator  and  ftm  tho  hydrogen  tubo  will  fall 
on  a  fjround  glass  diffuser,  than  an  obaervur  looks  throuch  the  intor*- 
fercmater,  be  will  see  the  fins  fringes  from  tha  hydrogen  tube  super- 
poeed  on  tha  broader  fringes  free  the  monochromator.  Setting  the 
filter  on  6562.8  A  will  bo  merely  a  matter  of  moving  the  broad  fringes 
f  until  they  appear  to  be  bisected  fcy  the  sharp  fringes. 

Since  the  monodircmator  was  not  to  be  ready  for  the  summer  of 
19b9,  I  axperimentad  with  a  Baird  interference  filter  (with  normal 
incidence  raaxlna  at  3970  A  ar.d  5235  A)  and  same  sharp  cutoff  glass 
filters  in  an  attempt  to  find  a  combination  with  a  fairly  narrow 
paa s-band.  Copies  from  microdansitonotor  tracings  of  some  of  these 
experiments  are  ah  cam  in  Figure"  11.  Those  are  tracings  of  plates 
made  on  tho  Oak  Ridgo  spectral  standardizer  (with  narrowest  slit  width) 
with  103  a?  plates  and  an  incandescent  bulb  ae  a  light  source.  The 
filter  combination  was  plaoed  in  front  of  the  slit.  A  short  exposure 
on  a  mercury  arc  with  the  filter  and  light  bulb  removed  was  used  as  a 
wave  length  standard.  Figure  11  A  shows  a  tracing  of  an  exposure 
with  the  bulb  and  mercury  arc  alone.  Figures  11  B  and  C  are  tracings 
of  a  red  glass  filter  and  the  Baird  filter  separately.  Note  that  the 
Baird  filter  plaoed  65°  from  normal  incidence  produces  two  maxima, 
which  are  polarized  in  opposite  directions.  The  low  height  of  the 
maximum  marked  A  is  apparontly  due  to  some  polarization  of  the  light 
going  through  the  spectrograph  in  addition  to  the  drop  in  the  intensity 
of  ligit  emitted  by  the  lamp.  One  can  soo  in  Figures  11  D  and  E  that 
the  attempt  to  improve  on  the  pass  bond  of  the  Baird  filter  by  combining 
it  with  the  glass  filter  was  hardly  successful.  (The  exposures  of  A 
through  D  were  the  oame  -  that  for  E  was  increased  by  a  factor  of  3.) 
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71.  CONCLUSIONS 

The  experimental  klnamatograph  has  bean  dismantled  to  make 
room  for  the  2Un  reflecting  telescope.  As  a  whole  the  KC  solar  camera 
will  not  be  used  again;  however,  the  various  pieces  of  auxiliary 
equipment  will  be  useful  for  later  experiments  at  Oak  Ridge.  Boulder, 
or  Climax,  the  information  gained  here  will  be  used  in  planning  the” 
aooessorioe  for  the  26-foot  Equatorial  Table  Cononograph  that  will 
be  installed  at  Climax,  probably  in  1951*  and'  oh  othor '  solar  oquatcrlal 
~  'tables  planned'for  Climax.  -  .  -  - 
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